Characterization of photochemically induced spinal cord injury in the rat by light and electron microscopy.
This study characterized by light and electron microscopy 49 photochemically induced lesions in adult rat spinal cord at 16 time intervals from 2 days to 17 months after lesioning. Vascular thrombosis, resulting from an intravascular photochemical reaction induced by a rose bengal/laser beam interaction, led within a few days to an extensive area of tissue deterioration. This area, termed the "lesion cavity" in contrast to the "secondary cavity" observed later, was at least 6 mm long and, at the epicenter, extended across most of the spinal cord width and from the dorsal surface to a level near the central canal. The area of spared tissue, 43% of the spinal cord cross-section at 2 days, did not change significantly between 2 and 56 days. Large numbers of macrophages populated the degenerating area by 5 days. This necrotic area was surrounded by a thin peripheral rim of largely intact white matter dorsally and laterally except at the epicenter where the white matter degenerated dorsomedially. In these peripheral regions, demyelination and, by 14 days, remyelination by both oligodendrocytes and Schwann cells (SCs) were evident. By 28 days, far more SCs (and meningeal cells) had entered the dorsal spinal cord, typically at the epicenter where meningeal thickening was most striking, and had migrated farther into the lesion cavity. These SCs and the axons they myelinated remained prominent in dorsal regions for many months, particularly at the epicenter; the proportion of SC to oligodendrocyte myelin diminished away from the epicenter. By 8 weeks, the lesion cavity was considerably diminished in size and thereafter it contained scattered macrophages, SC-myelinated axons, and blood vessels, primarily medially owing to flattening into clefts bilaterally. The cavity was partly bordered by astrocytes whose surfaces toward the lesion cavity were highly irregular and coated with basal lamina. Bare axons, consistently seen by electron microscopy at 5 days to 6 months, were typically ensconced among astrocytes starting at 28 days. Also by this time large, smoothly contoured, empty secondary cavities appeared, usually rostral and caudal to the epicenter; they did not increase in size or number with time. From 28 days to 17 months postlesion they occurred in 68% of the lesioned spinal cords. The secondary cavity border was composed of cells thought to be astrocytes but, surprisingly, the luminal surface was smooth and lacked basal lamina, in contrast to the primary lesion cavity border. Thus, two types of cavities formed after photochemical lesioning. This lesioning technique may provide an appropriate milieu to better understand aspects of the vexing problem of post-traumatic syringomyelia in the human.